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The landslide, defined as a wide variety of processes that result in the downward and outward 32 movements of slope-forming materials (Varnes, 1978) , is a typical and destructive geo-hazard (Liu 33 extending from Yichang City to the Chongqing Municipality, China (Fig. 1a) . Owing to the 47 complex geological environment, climate condition, and reservoir operation, the TGR region has 48 developed into a landslide-prone area (Wang et al., 2016) , where more than 5000 reservoir-induced landslides, problems concerning reactivated ancient landslides including reasons for landslide 54 reactivation, risk of a fast sliding, and available emergency civil protection actions have received 55 significant attention, and were investigated once the old instability was identified, e.g., the Quchi 56 landslide (Gu et al., 2017) , Huangtupo landslide (Wang et al., 2016) , Anlesi landslide (Jian et al., 57 2009), and Zhujiading landslide (Hu et al., 2015) . 58 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2018-399 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Discussion started: 11 January 2019 c Author(s) 2019. CC BY 4.0 License.
However, the clarification of the reservoir ancient landslide formation mechanism, evolution 59 process, and identification evidence are difficult and challenging because such instabilities vary in 60 size, type, disaster-pregnant setting, and formation age (Zhao et al., 2016 based on geological processes (Cruden and Varnes, 1996) , the evolution of river valleys (Xu et al., The objective of this study is to investigate the formation mechanism and multi-translational 72 process of the Outang ancient landslide through a combined analysis of field investigation, 73 geological exploration, and Electron Spin Resonance (ESR) experiments. We anticipate that this 74 study will provide some important insights into the deposit characteristics of the old instability, as 75 well as the corresponding identification signs.
76
Regional geological background 77 The Outang landslide (Fig. 1c) (Fig. 1a) . This landslide area belongs to a secondary tectonic unit of the upper 80 Yangtze platform, which is situated on the intersection between the Daba Mountain 81 bow-like folding belt and the east Sichuan folding belt. The strike of geological structures in the 82 study area (marked by rectangle in Fig. 1a and mapped in Fig. 1b) is dominated by the NE-SW 83 direction. The engineering geology map of the Outang landslide is shown in Fig. 2a is 340°/21° (Fig. 7b) , but changes to 162°/15° (Fig. 4b) . Moreover, the variation rule of the 164 fractured sandstone structure in each subzone is similar to its respective slip surface morphology. strong deformation areas were also revealed by geological exploration (Fig. 7c-d was dark gray. The field investigation shows a cliff with a vertical dislocation of 8.5 m, and the 187 exposed fractured sandstone is the frontal boundary of this subzone (bounded in Fig. 3a and 188 illustrated in Fig. 3b) ; the lateral boundary is a ridge in the west (Fig. 1c and Fig. 3c ) and a gully in 189 the east (Fig. 1c) . Owing to the blockage of the rear part of subzone O1, the flat area appears at the 190 mid-fore part of subzone O2 (marked in Fig. 3a and displayed in Fig. 3c) . found at an altitude of roughly 408 m a.s.l., which is the frontal boundary of this subzone (labeled 201 in Fig. 3a and illustrated in Fig. 3d ). The flat area located at the mid-fore part of subzone O3 was 202 also recognized (marked in Fig. 3a and shown in Fig. 3e ). Trench exploration disclosed that the 203 Nat ( Fig. 4c) . Moreover, the rear part of this subzone is bounded by the scarp of the daylighting of WI3 206 (Fig. 6g) . The ESR experiment indicates that the apparent age of subzone O3 is the latest 207 compared to that of subzones O2 and O1. WI1 and result in tensile cracks (Fig. 8b) . Because WI1 is not exposed at the lowest part of 227 the slope, where the sliding resistance mass is strong, stress will be concentrated at the toe 228 area of the slope because of the slope creep deformation, thus resulting in a slight bending 229 and upward uplift of the rock stratum at this part (bounded by rectangle in Fig. 8b ). tensile crack and extending it toward WI1 (Fig. 8c) . Additionally, the fracture and flexure 233 upward of the rock mass become increasingly acute at the toe, accompanied by numerous 234 fissures and relaxed rock mass (bounded by rectangle in Fig. 8c ). The orientation of the 235 fractured sandstone next to the toe area (Fig. 4b) with a tendency to join with the WI1 gradually (Fig. 8c) . of subzone O2 is typically opposite to that of the slope, and the flat topographical area can 262 been recognized (Fig. 3c) . O3 (labeled in Fig. 2a and shown in Fig. 2b and Fig. 2b, respectively) . Meanwhile, the failed mass (Fig. 3b and Fig. 3d, respectively) , and the flat 315 terraces at the mid-fore parts of O2 and O3 (Fig. 3c and Fig. 3e, respectively) the east strong-deformation area (bounded in Fig. 2a and shown in Fig. 2c ) and masonry revetment 345 in the west strong-deformation area (marked in Fig. 2a and demonstrated in Fig. 2d 
